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Abstract 
Objective: To perform laboratory analysis of the cutting ability of K3 and RT Densell 
files. Material and Methods: Fifty simulated root canals made of heat-curing phenolic 
resin, were divided into two groups were used. Group RT Densell consisted of 
specimens instrumented with files from the RT Densell rotary system, while the 
specimens in Group F3 were instrumented with files from the K3 rotary system. The 
simulated canals were weighed before and after instrumentation to analyze the amount 
of resin removed by each system. The statistical analysis of the results was performed 
using the program BioEstat 3.0. Descriptive statistics were applied to show the 
minimum and maximum data values, arithmetic mean, standard deviation and coefficient 
of variation, followed by statistical inference with a significance level of 5% Results: 
The data collected revealed that the rotary system nickel-titanium files of RT Densell 
brand removed 615 milligrams and the rotary system files K3 454 milligrams removed 
after five instrumentations. Through statistical test "t" Student, the difference between 
the two systems was considered statistically significant (p<0.05). Conclusion: RT 
Densell files have greater cutting ability than the files of the K3 brand rotary system, 
while the latter have. 
 
Keywords: Endodontics; Instrumentation; Titanium. 
.
Brazilian Research in Pediatric Dentistry and Integrated Clinic 2015, 15(1):461-467 
Introduction 
The cleaning of the root canal system is one of the most important steps for successful 
endodontic treatment [1-3]. The goal of shaping is to achieve an appropriate surgical canal while 
cleaning is simultaneously achieved by removing both living and decaying organic matter along with 
any material contained within the canals, thereby eliminating microbial contamination and creating 
favorable conditions for healing [4]. 
With the advent of appropriate technological procedures, dentistry advanced offer being 
capable of offering greater convenience and ease to professionals in performing their tasks more 
competently while simultaneously providing comfort to patients and consequently improving the 
quality of treatment [5]. 
Technological advances enabled the fabrication of instruments with special metal alloys, such 
as nickel-titanium, and allowed design modifications to the cross section and cutting angle of files. 
Moreover, the tip design changed, and the dimensions of endodontic instruments were modified in 
terms of conicity. According to the literature, nickel-titanium metal alloy has high elasticity, 
resistance to plastic deformation and fracture [6]. However, nickel-titanium rotary instruments may 
fracture in the root canal without warning [5], hence the importance of surveying the effects of the 
rotational speed, angle and radius of curvature of the root canal on the probability of fracture for 
nickel-titanium rotary instruments [7]. 
The effectiveness of removing dentin from root canal walls using nickel-titanium rotary 
instruments has been shown to be equivalent to manual preparation using stainless steel files [8]. 
K3 and Endosequence instruments subjected to cycle fatigue showed distinct behaviors. The 
K3 files underwent more rotational cycles before fracture than the Endosequence files, so the K3 files 
outperformed [9]. 
One research evaluated and compared various parameters in the preparation of curved root 
canals, using two different nickel-titanium rotary systems, namely: RT Densell (Sjöding Sendoline, 
Kista, Sweden) and K3 (SybronEndo, Orange County, CA, USA) [10]. 
Fifty low molar teeth extracted with mesial root curve, varying between 20º and 40º, were 
divided into two groups, the first consisting of root canals that were instrumented with RT Densell 
files. In the other group, fifty root canals were prepared with K3 instruments. 
To determine the morphology of the root canal, radiographic examinations were performed 
before and after instrumentation. The cleaning ability was evaluated in the samples investigated in 
the apical, middle and crown thirds of the root canal walls, using scanning electron microscope. 
Results showed no statistically significant difference in any of the studied parameters, except for the 
working time. The average working time was significantly lower for RT Densell (170s) than for the 
K3 (208s). 
Some authors consider that the nickel-titanium rotary instruments reduce work time and 
operator fatigue [11,12]. 
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Records from clinical practice highlight that although these files reduce professional stress 
and provide efficient high-quality technical performance, there is a need to evaluate possible 
structural changes in relation to the number and duration of uses. Instruments in better use 
conditions can perform endodontic treatment more efficiently because they ensure cleanliness and 
disinfection of the root canal system, thus preserving the anatomical forms [13,14]. However, there 
are reports in the scientific literature on the convenience of using nickel-titanium rotary instruments 
in terms of maintaining cutting power, the removal of dentin and the number of times they can be 
used without compromising these properties [15,16]. Finally, the evaluation of the cutting ability of 
RT Densell and K3 nickel-titanium instruments of the rotary system justifies this study. 
 
Material and Methods 
Fifty resin blocks with simulated straight canals were prepared from Bakelite, i.e., a heat 
cured phenolic resin "Multfast Brown" (Struers brand , USA), for use in this study. To produce the 
blocks, the granulated resin was weighed and then heat cured under a load of 20-25 kN for 10 to 12 
minutes at a temperature of 190 °C to 210 °C. Next, the blocks were finished with 180 grit sandpaper 
on an automatic polisher (model DPU-10, USA). 
After placing 21 mm of straight #6 orthodontic wire on the resin to ensure that it was 
centered in the embedding unit, the cylinder was shaped by depositing more Bakelite to cover the 
orthodontic wire. Then, the thermal plasticizer was activated, thus producing the substrate samples 
for the experiments. Once the model was fabricated, the orthodontic wire was removed from within 
the block, thereby creating space to make the simulated canal. 
All simulated canals were prepared with a length of 21 mm, confirmed with a bow divider. 
For greater precision, odontometry was performed before the chemical-surgical preparation by 
introducing a K file number 6 (Dentsply-Maillefer-Ballaigues, Switzerland). After performing the 
necessary finishing and to allow the instrument to penetrate the entire length of the canal, the 
coincidence of the instrument tip and the end of the simulated canal was visualized, thereafter 
decreasing by 1 mm. Consequently, the odontometry of each canal was on the order of 20 mm. 
To obtain a configuration of the simulated canal within the resin block where the diameter 
and taper allow the proper penetration of rotary instruments into the canals, prior instrumentation 
was performed with K-type manual files number 06 to 20 (Dentsply-Maillefer-Ballaigues-
Switzerland), with the objective, in addition to obtaining a conical shape, of promoting the expansion 
of the canal up to the K type file number 20, thus achieving penetration of the first file of the two 
rotary systems. ENDO-PTC cream (Officinalis, São Paulo, SP, Brazil) neutralized with 1% sodium 
hypochlorite was used as an auxiliary chemical substance for manual instrumentation during this 
procedure, followed by a final irrigation with Tergensol (Officinalis, São Paulo, SP, Brazil). 
Next, the blocks were placed in a Model 515 B oven (Fanem Ltda., Guarulhos, SP, Brazil) at 
50 °C for 12 hours to promote dehydration and then weighed on a model SA-210 digital analytical 
balance (Quimes Aparelhos Científicos Ltda, Diadema, SP, Brazil) getting before starting weight 
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(P1), the final weight (P2) instrumentation with both rotary systems. The final weight of all blocks 
was measured to determine the amount of resin removed by instrumentation. Thus, we evaluated the 
weight difference of the blocks by subtracting the P1 value from the P2 to determine the amount of 
material removed during the chemical-surgical preparation for each instrumentation. 
Five sets of files were used for each of the two groups – Group RT Densell, RT Densell files 
(Sjöding Sendoline, Kista, Sweden), and Group F3, K3 files (SybronEndo, Orange County, CA, USA) 
– and each was used for the instrumentation of five simulated canals, totaling 25 instrumentations in 
25 blocks for each group. The blocks of simulated canals in both groups were identified and 
numbered from 1 to 50, with blocks 1 to 25 in Group RT Densell and 26 to 50 in Group F3. 
The RT Densell rotational system was used during the chemical-surgical preparation of the 
simulated canals for Group RT Densell according to the technical sequence recommended by the 
manufacturer (crown-down). These channels were prepared with five sets, each having five files with 
tip diameters numbered 20, 25, 30, 35 and 40, 0.02 taper and a length of 21 mm. K3 rotary system 
files were used for Group F3. The chemical-surgical preparation of the simulated canals also 
followed the technical sequence recommended by the manufacturer (crown-down) and used five 
boxes of files in the following order: 20, 25, 30, 35 and 40, 0.02 taper and a length of 23 mm. The 
mechanism used in each group was a system with an X-SMART (Dentsply-Maillefer, Dentsply Ind. 
Com. Ltda., Petrópolis, RJ, Brazil) electric motor set to a speed of 250 rpm with two Newtons (2N) of 
torque. For both groups, the canals were instrumented by a single operator with teaching experience 
and a specialty in endodontics. Standardized amounts of 1% sodium hypochlorite and Endo-PTC 
cream were used for the chemical-surgical preparation of the simulated canals. After each rotational 
system file change, irrigation was performed with 1% sodium hypochlorite followed by the aspiration 
of the canal using a suction needle coupled to a suction pump; this procedure was performed on all 
blocks. After completing the procedure with the final Tergensol irrigation, the canals were dried 
with absorbent paper cones (Dentsply Ind. Com. Ltda., Petrópolis, RJ, Brazil). 
The time taken for instrumentation with each file was recorded on a digital timer (Herweg, 
Timbó, SC, Brazil), and the recording was paused while switching files and irrigating with an 
auxiliary chemical substance. The criterion for switching from one instrument to another was a total 
of 20 seconds of instrumentation use as well as the aspiration of the simulated canals at all 
experimental steps. Next, the blocks were placed in an oven at 50 °C for a further 12 hours for 
dehydration and then weighed again (P2). 
The statistical analysis of the results was performed using the program BioEstat 3.0. 
Descriptive statistics were applied to show the minimum and maximum data values, arithmetic mean, 
standard deviation and coefficient of variation, which are presented in tables, followed by statistical 
inference with a significance level of 5% using Kolmogorov-Smirnov tests to assess the normality of 
the data and Student’s t-test to compare two normally distributed samples. 
 
Results 
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The results are shown in Table 1. 
 
Table 1. Distribution of victims according to occurrence and type of bullying. 
p<0.05 
 
Discussion 
The methodology applied in this study using two rotary systems revealed that RT Densell 
files have greater cutting capacity than K3 files, although other studies comparing manual 
preparation to rotary systems have reported no significant differences between the two systems 
[13,17]. It should be mentioned that the nickel-titanium RT Densell files, originally called NiTi-
Tiee, were employed in this study because few previous scientific research studies have considered 
these tools, although they are product whose market price is very affordable. 
The rotational speed recommended by the manufacturers is between 200 and 350 rpm; 
however, the speed selected for this study was 250 rpm, in agreement with other studies that 
recommend a lower rotational speed to avoid possible fracture of the files [7]. 
Bakelite specimens were selected due to the resistance of this material to endodontic 
procedures, which is similar to dentin on human teeth, whose structure can compromise the 
instrument during use. Note that this substrate has similar rigidity to both bovine bone and human 
dentin [15]. 
This study found that the cutting blades of RT Densell files more often grip the smooth 
surfaces inside the simulated canals than K3 files, especially files with larger tip diameters (40) 
because they fit more tightly inside the simulated canal. Auto-reverse on the X-SMART device was 
used when necessary, that is, automatic counterclockwise rotation was used to release a file stuck in 
the canal. It should be noted that four RT Densell files fractured, while this phenomenon was not 
observed for the K3 instruments. Regarding the cutting blades of both types of instruments, it was 
found that although both have helical rods, the RT Densell type has cutting blades with sharper 
surfaces, while the K3 type has blades with flatter surfaces. Because the RT Densell files more easily 
stuck to the smooth surfaces of the canal, they will likely result in a greater threading effect, most 
likely fracture. Not only the angle of curvature and intensity of use but also the rotational speed, the 
fatigue of the instrument, the torque of the machine, the force applied by the operator, the type of 
movement used and, in particular, the design of the files are factors that increase the possibility of 
instrument fracture [1,9,13,16], which may eventually occur without warning [5]. A study using 
Profile, K3 and Race files concluded that K3 files had the greatest cycle fatigue resistance [17] and 
the greatest strain and fracture resistances [18]. Those results were confirmed by this study 
evaluating RT Densell and K3 files. 
Groups N Mean Standard 
Deviation 
Minimum Maximum Coef. of 
Variation 
RT Densell 5 134.88 45.85 67.000 246.000 33.99% 
K3 5 97.2 21.96 58.000 134.000 22.59% 
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There are differences in the tip diameters and tapers of nickel-titanium instruments from the 
specified protocol for endodontic instruments and various brands. This study, by including the K3 
file (30/0.40), which is characterized as having a diameter of [19], larger than the standard tip, 
proved that #40 RT Densell files with a 0.02 taper penetrated the channel more tightly than K3 files 
of the same size, facilitating the deformation of the same. 
Finally, it is worth noting that the use of manual files on the specimens was restricted to 
extending and forming the simulated canal to make it similar to a root canal, and the final file used 
for manual preparation was the K 20 file to achieve a pre-enlargement that permitted the entry of the 
rotary system files with larger diameter tips, as the technique used was crown-down. 
The loss of cutting capacity is only one point of evaluating a preparation technique of root 
canals. Further studies evaluating deviations during preparation, strength of instruments, removal of 
dentin, residual layer production, among other objectives, to be carried out, which certainly greatly 
contribute to select a technique that provides a good root canal preparation, combining cleaning , 
disinfection and determining a form which facilitates the sealing of the channel. 
 
Conclusion 
The  files of the RT Densell brand rotary system have greater cutting capacity than the files 
of the K3 brand rotary system, while the latter brand was found to have greater fracture strength, 
due to the fact that their cutting blades with sharp surface. 
 
References 
1. Kuga MC, Tanomaru-Filho M, Faria G, Só MVR, Galletti T, Bavello JRS. Calcium hydroxide intracanal 
dressing removal with different rotary instruments and irrigating solutions: a scanning electron microscopy 
study. Braz Dent J 2010; 21(4):310-14. 
2. Siqueira Jr JF, Rôças IN. Clinical implications and microbiology of bacterial persistence after treatment 
procedures. J Endod 2008; 34(11):1291-1301. 
3. Versiani MA. Avaliação do preparo biomecânico e da obturação de canais radiculares ovais promovidos pelo 
sistema de instrumento único WaveOne, Reciproc e SAF. 2012. 198p. [Thesis]. Faculdade de Odontologia, 
Universidade de São Paulo, Ribeirão Preto. 
4. Parente JM, Loushine RJ, Susin L, Gu L, Looney SW, Weller RN, et al. Root canal debridement using 
manual dynamic agitation or the EndoVac for final irrigation in a closed system and an open system. Int Endod 
J 2010; 43(11):1001-12. 
5. Zhou H, Shen Y, Zheng W, Li L, Zheng Y, Haapasalo M. Mechanical properties of controlled memory and 
superelastic nickel-titanium wires used in the manufacture of rotary endodontic instruments. J Endod 2012; 
38(11):1535-40. 
6. Gao Y, Cheung GS, Shen Y, Zhou X. Mecanical behavior of ProTaper universal F2 finishing file under 
various curvature conditions: a finite element analysis study. J Endod 2011; 37(10):1446-50. 
7. Martin B, Zelada G, Varela P, Bahillo JG, Magán F, Ahn S, Rodríguez C. Factors influencing the fracture of 
nickel-titanium rotary instruments. Int Endod J 2003; 36(4):262-6. 
8. Limongi O, Albuquerque DS de, Baratto Filho F, Vanni JR, Oliveira EP, Barletta FB. In vitro comparative 
study of manual and mechanical rotary instrumentation of root canals using computed tomography. Braz Dent 
J 2007; 18(4):289-93. 
9. Ray JJ, Kirkpatrick TC, Rutledge RE. Cyclic fatigue of EndoSequence and K3 rotary files in a dynamic 
model. J Endod 2007; 33(12):1469-72. 
Brazilian Research in Pediatric Dentistry and Integrated Clinic 2015, 15(1):461-467 
10. Jodway B, Hülsmann M. A comparative study of root canal preparation with NiTi-TEE and K3 rotary Ni-
Ti instruments. Int Endod J 2006; 39(1):71-80. 
11. You SY, Kim HC, Bae KS, Baek SH, Kum KY, Lee W. Shaping ability of reciprocating motion in curved 
root canals: a comparative study with microcomputed tomography. J Endod 2011; 37(9):1296-300. 
12. Bürklein S, Hinschitza K, Dammaschke T, Schäfer E.. Shaping ability and cleaning effectiveness of two 
single-file systems in severely curved root canals of extracted teeth: Reciproc and WaveOne versus Mtwo and 
ProTaper. Int Endod J 2012; 45(5):449-61. 
13. Ünal GÇ, Maden M, Savgat A, Onur Orhan E. Comparative investigation of 2 rotary nickel-titanium 
instruments: protaper universal versus protaper. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2009; 
107(6):886-92. 
14. Violich DR, Chandler NP. The smear layer in endodontics – a review. Int Endod J 2010; 43(1):2-15. 
15. Cheung GSP, Darvell BW. Fatigue testing of a NiTi rotary instrument. Part 1: strain–life relationship. Int 
Endod J 2007; 40(8):612-8. 
16. Alves-Claro APR, Claro FAE, Uzumaki ET. Wear resistance of nickel-titanium endodontic files after 
surface treatment. J Mater Sci Mater Med 2008; 19(10):3273-77. 
17. Yao JH, Schwartz SA, Beeson TJ. Cyclic fatigue of three types of rotary nickel-titanium files in a dynamic 
model. J Endod 2006; 32(1):55-7. 
18. Troian CH, Só MVR, Figueiredo JAP, Oliveira EPM. Deformation and fracture of RaCe and K3 endodontic 
instruments according to the number of uses. Int Endod J 2006; 39(8):616-25. 
19. Lask JT, Walker MP, Kulild JC, Cunningham KP, Shull PA. Variability of the diameter and taper of size# 
30, 0.04 nickel-titanium rotary files. J Endod 2006; 32(12):1171-3. 
